Abstract: Kleine-Levin syndrome is a recurrent hypersomnia associated with symptoms of hyperphagia, hypersexuality, and cognitive impairment. This article reviews the current available research and describes common clinical symptoms, differential diagnosis, and acceptable workup and treatment. Although deficits have traditionally been thought to resolve between episodes, functional imaging studies and long-term neuropsychological testing in select patients have recently challenged this notion. This may suggest that Kleine-Levin syndrome is not as benign as previously considered.
Introduction
Kleine-Levin syndrome is a recurrent hypersomnia characterized by episodes of hypersomnia separated by intervening periods of normal behavior. In addition to hypersomnia, at least one of the following symptoms must be present: cognitive or mood disturbances, hyperphagia with compulsive eating, hypersexuality, or abnormal behavior such as irritability, aggression, or personality changes (Table 1) .
Kleine-Levin syndrome was first described by Kleine in 1925 and elaborated on by Levin in 1936, but it was Critchley and Hoffman who further defined the syndrome in 1942 and gave it its eponym. 1 In their classic paper "The Syndrome of Periodic Somnolence and Morbid Hunger" 1 they describe the cases of two men in their 20s who developed hypersomnia and hyperphagia, with symptoms lasting days to weeks at a time and recurring every few months. One of these patients developed his symptoms 6 months after a vaccination. There was no precipitating factor in the other. The authors postulated that a potential mechanism could involve a form of mild encephalitis affecting the hypothalamus and the frontal lobes.
In 1990, Kleine-Levin syndrome was classified by the International Classification of Sleep Disorders (ICSD). It was revised to its current state in 2005 with the release of the ICSD -revision 2 (ICSD-2).
of an adult-onset form of the disease. In a collection of 239 patients, the median age of onset was 15 years in both males and females, with an age range of 4-80 years in males and 4-69 years in females. 4 Prevalence is slightly higher in the Ashkenazi Jewish population. 3 Overall, 5% of cases have been reported within family members, 5 suggesting some degree of increased genetic susceptibility; however, no genetic abnormality has been yet identified. Two cases of monozygotic twins with Kleine-Levin syndrome have been described. 6, 7 In these cases, both sets of twins were positive for the DQB1*0302/*0601 allele.
In a large cohort of 108 patients diagnosed with Kleine-Levin syndrome, 25% had a complicated birth history and 15% had some degree of developmental delay. 5 The significance of this is unclear, and, while some authors have theorized that such perinatal insults may predispose certain individuals to develop the disease later in life, there is no clear evidence to support this.
Clinical presentation
The symptoms of Kleine-Levin syndrome are characterized by their intermittent and periodic nature. During episodes, patients complain of excessive daytime sleepiness, despite sleeping anywhere from 12 to 21 hours per day. While awake, patients are often apathetic and report impairment in communication, concentration, and memory.
The classic triad of hypersomnia, hyperphagia, and hypersexuality is not always present. In fact, in one large case series, only 45% of patients presented with all three symptoms. 8 More commonly, patients exhibit some form of cognitive impairment. Many patients report a feeling of derealization or "déjà vu" during episodes, as if they are in a dream-like state or experiencing life outside of their own bodies. In our experience this is the most common symptom next to hypersomnia. Altered perception, such as temperature sensation, has also been reported, as has pain insensitivity. 5 Patients tend to eat compulsively and in large amounts. They favor sweets and will eat almost everything that is presented to them. Hypersexuality is seen more frequently in boys than in girls and takes the form of increased sexual drive, sexual comments, unwanted sexual advances, and frequent masturbation. Repetitive or compulsive behaviors are also common. Patients may become aggressive, especially if they are prevented from eating. Verbal outbursts may take the form of rude, offensive, and sexually charged language. Many patients are ashamed of their actions once the episode resolves and they revert to their normal behavior, and, as a result, may be hesitant to discuss their symptoms. Patients may also experience partial amnesia to the episodes.
Patients often withdraw from social interaction, and transient depression and anxiety can occur. As a result, patients are often misdiagnosed with psychiatric conditions, especially early in the disease course. Suicidal ideation and suicide attempts, while rare, have been reported. 5 It is unclear if these cases represented true Kleine-Levin syndrome or were in fact cases of atypical depression. Nonetheless, the caregiver should be aware of this possibility and monitor the patient closely for any signs of suicidal behavior. In our experience, if this does occur, it seems to occur more frequently toward the end of an episode.
Patients may be difficult to wake in the early stages of the symptomatic period; however, toward the end of the episode they may appear to be simply resting or awake with their eyes closed. Some sleep studies have demonstrated that, if allowed to sleep at least 12 hours, patients with Kleine-Levin syndrome will spend a good portion of this time awake with their eyes closed in a state more akin to apathy than to sleep. 9 Episodes progress fairly rapidly from time of onset and reach their peak symptomatic period within 24 hours. The episodes themselves usually last between 1 and 3 weeks, 3 with a cycle length (time from onset of one episode to the onset of the next) of 60 to 100 days. 4 Toward the end of an episode, the patient may complain of insomnia, and, once the symptoms have resolved completely, a state of profound relief and elation may occur, sometimes bordering on hypomania. Patients often report a triggering event prior to the onset of symptoms. Of all the reported triggers, infection and fever are by far the most common; 10 alcohol intake, sleep deprivation, vaccination, head trauma, and dental anesthesia have also been reported. [11] [12] [13] Kleine-Levin patients frequently exhibit difficulty with communication, executive functioning, and working memory. While deficits have been classically thought of as transient in nature, recent evidence indicates that some patients may exhibit long-term memory deficits 14 and visuospatial dysfunction. 12 Patients may also report migraine headaches, even if they have no prior history of migraines. Transient autonomic dysfunction has been reported in several cases. 16 Reoccurrences vary in frequency. Episodes tend to recur more often toward the beginning of symptom onset, often several times in the course of a single year. As the disorder progresses and the patient ages, the cycle length increases; however, rarely does it extend beyond a year. Symptoms tend to wane in severity as the disorder progresses and eventually spontaneously resolve in patients with adolescent onset. In patients with adult onset, the disorder is less likely to resolve. In one large series, the median duration of symptoms was 13.6 years. 17 Longer duration was associated with male sex, the presence of hypersexuality, and adult onset of symptoms (greater than 20 years of age). Tables 2 and 3 list some of the key clinical points discussed.
Differential diagnosis
The clinician must rule out any other contributing medical, neurological, sleep, or psychiatric disorder, as well as any contributing medication or substance use. A proper neurological examination should be performed in all patients, including fundoscopic inspection to evaluate for signs of increased intracranial pressure.
Atypical depression is by far the most common initial diagnosis in these patients. However, unlike true depression, mood changes in Kleine-Levin syndrome tend to manifest acutely at symptom onset and disappear abruptly once the episode has resolved. If patients do experience psychotic symptoms such as delusions or hallucinations, they are short-lived and parallel the duration of the symptomatic period.
Other forms of primary hypersomnia should be considered. Vivid dreaming can occur in Klein-Levin syndrome, as can hypnagogic and hypnopompic hallucinations. Sleep paralysis, rapid eye movement (REM) behavior disorder, and cataplexy are not features of Kleine-Levin syndrome and, if present, should prompt the clinician to consider an alternative diagnosis of narcolepsy.
Sleep disordered breathing should be considered in any patient with excessive daytime sleepiness, even if initially episodic in nature, and the examination should include evaluation of the nasal airway and oropharynx to assess for any sites of potential airway obstruction. If present, a polysomnogram should be performed.
Menstruation-related hypersomnia is a rare form of recurrent hypersomnia that may also be considered in the differential. 18 There is some thought that this condition may represent a variant of Kleine-Levin syndrome; however, several key distinctions must be noted. Most importantly, the symptoms of disinhibition and cognitive impairment seen in Kleine-Levin patients are less frequent in those with menstruation-related hypersomnia. In addition, while patients with menstruation-related hypersomnia may experience multiple episodes per year concurrent with their menstrual cycle, rarely do patients with Kleine-Levin syndrome experience more than two to three episodes a year.
The differential diagnosis also includes drug or alcohol use, temporal lobe epilepsy, Klüver-Bucy syndrome secondary to bilateral temporal lobe lesions, mass lesions, metabolic encephalopathies such as mitochondrial disease or urea cycle defects, Lyme disease, and acute intermittent porphyria.
Workup should include a urine or serum drug screen, basic metabolic panel, urine and serum assays to test for 
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Miglis and Guilleminault inborn errors of metabolism, folate and B12 levels, Lyme serology, and, if clinically indicated, urine porphobilinogen. Imaging studies such as magnetic resonance imaging (MRI) are performed to rule out structural or vascular lesions, and an electroencephalography (EEG) can be performed to help rule out complex partial seizures. Lumbar puncture may be considered to rule out meningitis, especially if the patient is febrile on presentation. With the exception of the EEG, which may demonstrate generalized or frontotemporal slowing if performed during an episode, the above workup is frequently normal, and patients are often given a psychiatric diagnosis until several episodes are noted and the patient is referred to a physician who is familiar with the diagnosis of KleineLevin syndrome. Table 4 lists some of the diagnoses that should be considered.
Etiology
The etiology of Kleine-Levin syndrome is unknown. Many patients report a prodromal flu-like illness or upper respiratory tract infection (URI). In a recent study in Taiwanese patients, a significant correlation was found between Kleine-Levin episodes and preceding URI symptoms. 10 The authors in this study reported that 96.6% of first episodes of Kleine-Levin syndrome occurred after URI symptoms, fever, or encephalitis. Recurrent events were triggered by infection (65%), fever (20%), psychological events/stress (5%), and sleep deprivation (5%). There was no association with vaccinations. No seasonal variation was found.
As is the case in narcolepsy with cataplexy, an autoimmune mechanism has been suggested; however, the evidence is much less robust in Kleine-Levin syndrome. The DQB1-0201 haplotype was found to be twice as frequent in a controlled study of 30 European patients; 19 however, this has not been replicated in larger patient populations. 8 
Polysomnography and electroencephalography
EEG demonstrates generalized slowing of drowsiness in up to 70% of cases during episodes.
20 Polysomnography (PSG) is for the most part unremarkable. In one study, PSG performed toward the first half of the symptomatic period demonstrated a decrease in slow wave sleep, and PSG performed toward the second half of the symptomatic period demonstrated a decrease in REM sleep. 21 The quantifiable decrease in slow wave sleep during the first half was greater than the decrease in REM during the second half. Overall sleep efficiency was poor. Multiple sleep latency tests were then performed on a handful of these patients. There was no significant difference in either mean sleep latency or the number of sleep onset REM periods between symptomatic and asymptomatic periods.
Serum and cerebrospinal fluid analysis
Serological markers of inflammation are normal during episodes. There were no abnormalities identified on serum and cerebrospinal fluid (CSF) analysis in a series of four Kleine-Levin patients. 22 CSF hypocretin-1, which is low or deficient in patients with narcolepsy with cataplexy (less than 110 pg/mL), is within the normal range in Kleine-Levin patients. However, levels were slightly lower during episodes than between episodes, although still within the range of normal. This was corroborated in a more recent sample of 42 patients. 23 In this study, Kleine-Levin patients had lower hypocretin levels during episodes than matched controls. In addition, these levels increased during the recovery period between episodes, leading the authors to postulate that hypocretin may play some role in the pathophysiology of Kleine-Levin syndrome. At the moment, however, CSF hypocretin has no clinical value in the diagnosis of KleineLevin syndrome.
Imaging
Brain morphology is typically normal on MRI and computed tomography (CT), although cortical and cerebellar atrophy has been reported in one adult patient. 24 Atrophy may be more common in adult patients as well as those with longstanding disease; however, this has not been systematically studied. Functional imaging, on the other hand, has been more recently utilized and is frequently abnormal in Kleine-Levin patients. Several studies utilizing single photon emission CT scanning during patients' symptomatic periods have demonstrated hypoperfusion in the thalamus, hypothalamus, temporal 
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Kleine-Levin syndrome: a review lobes, orbitofrontal and parasagittal frontal lobes, and, less commonly, the basal ganglia and occipital regions. [24] [25] [26] [27] Thalamic hypoperfusion has been the most consistent finding in these studies when patients are examined during their symptomatic period. Once patients revert to their normal behavior, the thalamic hypoperfusion seems to resolve, while residual hypoperfusion persists in other brain locations. 23 Fludeoxyglucose-positron emission tomography scanning has demonstrated asymmetric hypometabolism in the thalamus and hypothalamus. 28 Researchers have also demonstrated reduced dopamine binding potential in the striatum during the symptomatic period. 29 In patients with recurrent episodes, there is evidence that these imaging abnormalities may persist even after other symptoms resolve. Several studies have demonstrated persistent hypoperfusion in the mesial temporal lobe, frontal lobe, and basal ganglia of Kleine-Levin patients during asymptomatic periods. 30, 31 These deficits are more common in patients with longstanding disease.
It is conceivable that the temporal lobes abnormalities may correlate with memory deficits, the thalamic abnormalities with hypersomnia and circadian rhythm dysfunction, the orbitofrontal and anterior parasagittal areas abnormalities with the behavioral symptoms observed (apathy, disinhibition, aggression, hyperphagia, hypersexuality), and the mesial temporal abnormalities with the prominent sensation of derealization; however, these correlations have not been systematically evaluated.
Functional MRI studies and magnetic resonance spectroscopy studies have demonstrated a significant negative correlation between thalamic functional MRI-activity and thalamic N-acetylaspartic acid-concentration in KleineLevin patients while performing tasks involving working memory, 32 suggesting increased effort in the Kleine-Levin syndrome patients upon performing the task. Working memory is important in the temporary storage and manipulation of information and is fundamental to many higher order processes such as comprehension, communication, visuospatial processing, and problem solving. All of these functions are significantly impaired in Kleine-Levin patients during episodes. 33 It has been suggested that the thalamus is intricately involved in regulating working memory circuits. 34 All of these studies add to the growing body of literature that supports the concept of a disorder affecting multiple areas of the brain in both cortical and subcortical regions. The earlier notion that Kleine-Levin syndrome is simply a disorder of the hypothalamus is no longer supportable in light of this current evidence. In addition, several studies have demonstrated that deficits can persist long after the symptomatic period has ended, leading to long-term neuropsychological impairment.
Neuropsychological testing
The deficits in working memory that patients frequently exhibit during episodes can manifest as impairment in immediate and delayed verbal and visual recall. 15 These deficits have been quantified in studies utilizing the Wechsler Memory Scale, on which Kleine-Levin patients typically perform poorly. 35 These memory impairments may persist long after resolution of an episode, even after perceived resolution of the disorder itself. In one patient with asymmetric frontotemporal hypoperfusion as demonstrated on single photon emission computed tomography scanning performed during an episode, short-term verbal and visual memory deficits were present 6 years after his final symptomatic period. 35 In this particular series of patients, the duration of illness ranged from 2.5 to 9 years. Table 5 reviews ancillary testing in Kleine-Levin syndrome.
Autopsy
There are few reported autopsy cases in the literature. Inflammatory infiltrates were observed in the hypothalamus in two patients 36, 37 and in the thalamus in two patients. 36, 38 One patient demonstrated only mild hypopigmentation of the substantia nigra. 
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Treatment
No medication has been convincingly demonstrated to be efficacious in the treatment of Kleine-Levin syndrome. Unless the episodes are particularly severe, the best treatment is supportive. Educating parents and refraining from aggressive treatment is often the recommendation of choice. The patient should be allowed to rest at home in a safe and comfortable environment. School and work activities should be postponed or adjusted until the symptoms have resolved. The patient should not be allowed to wander unattended, drive a car, or operate heavy machinery. Symptoms of depression or anxiety should be monitored closely and treated if present. Stimulants may be beneficial for symptomatic treatment if utilized early in the symptomatic cycle. Modafinil (Teva Pharmaceutical Indsutries Ltd., Fraser, PA, USA), has been reported to ameliorate symptoms in some reports. 19, 40, 41 It should be noted that, while stimulants may reduce the duration of the symptomatic period, they do not reduce recurrence rate. In addition, there are some reports of stimulant-induced paradoxical agitation. 42 If this does occur, it is more likely to occur if medication is taken toward the end of an episode, when patients are less apathetic and more easily agitated. Antipsychotics such as risperidone have been used for prolonged psychotic symptoms. 8, 17 Benzodiazepines may be used for treatment of anxiety. In one series, amantadine had reported effect as a prophylactic agent, discontinuing episodes in 42% of patients when administered on the first day of symptoms. 8 Lithium has also been proposed as a preventative agent; 43 however, quality evidence is lacking. It is often difficult to exclude depression in the patient populations examined and the results of these studies should be interpreted with caution. It is worth noting that only lithium had a reported response rate significantly higher than medical abstention (odds ratio =3.8, P=0.02). 17 On the other hand, the Taiwan group has tried lithium on a long-term basis in their adolescent population and were unable to obtain control or reduce recurrence rate at 2-year follow-up (YS Huang, personal communication, August 2013).
Other mood stabilizers and antiepileptics studied have included valproic acid, 44 carbamazepine, 45 phenytoin, gabapentin, 46 and lamotrigine. None of these have consistently demonstrated significant benefit. Antidepressants including tricyclics, selective serotonin reuptake inhibitors, and serotonin-norepinephrine reuptake inhibitors have not been shown to have any prophylactic effect either. One patient with refractory symptoms has been reported to show a favorable response to sodium oxybate. 47 It should be stated that none of the drug trials have been double-blinded or placebo controlled. In fact, this led the authors of a recent Cochrane Review to withhold recommendation of any of the medications utilized in the treatment of Kleine-Levin syndrome. 48 Out of 257 studies initially identified, 31 had the potential to be included. Ultimately, none of these studies met the eligibility criteria for inclusion. Table 6 lists some of the treatment options discussed.
Summary and future directions
Kleine-Levin syndrome is a fascinating periodic hypersomnia whose underlying etiology remains to be elucidated. Key symptoms include hypersomnia and cognitive impairment. The classic triad of hypersomnia, hyperphagia, and hypersexuality is not always present. Derealization is a prominent component.
Although an autoimmune mechanism has been suggested, there are likely heterogeneous factors at play in certain susceptible individuals. When combined with a precipitating event such as a minor infection, a transient multifocal encephalopathy ensues. It has been proposed that such a precipitating event may lead to transient permeability of the blood-brain barrier, thus predisposing these individuals to recurrent events. An animal model would add much to the understanding of the underlying pathophysiology. This is yet to be developed and should be considered in future research.
While several familial cases have been identified, genetic studies have been thus far unrevealing. The association with a specific human leukocyte antigen genotype has not been consistently demonstrated. Genomic mapping studies and linkage analyses should be considered using known familial cases in attempts to investigate a possible genetic basis for this disease. Kleine-Levin syndrome, while rare, is often misdiagnosed or unrecognized, and should be considered in any teenager presenting with recurrent episodes of hypersomnia concurrent with cognitive changes, depersonalization, or disinhibition. Atypical depression and substance use must be ruled out before a diagnosis of Kleine-Levin is considered. Treatment is generally supportive, though certain stimulant medications such as modafinil may help to alleviate symptoms if utilized early in the symptomatic period. Although deficits have traditionally been thought to resolve between episodes, functional imaging studies and long-term neuropsychological testing in select patients have more recently challenged this notion. This suggests that Kleine-Levin syndrome is not as benign as previously considered. More long-term follow-up studies are needed, with special emphasis on residual neuropsychological impairment and the risk factors involved in these patients.
